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(S) Image heating device capable of controlling activation of plural heaters. 



CM 
CD 

in 



(57) Disclosed is an image heating device for fix- 
ing device in image forming apparatus. The 
image heating device is provided with two hea- 
ters and an image fixing roller. The image fixing 
roller is heated by the two heaters, one having 
the heat distribution in the center and the other 
having the heat distribution in the end portion 
of the fixing roller. The heaters are alternately 
energized so that the power requirement is 
maintained limited. The energization time ratio 
of the heaters is suitably varied according to the 
sheet size in order to compensate the tempera- 
ture loss in the end portions when the heating is 
conducted in the central portion only, or to 
reduce the temperature rise in the end portions, 
encountered when narrow sheets are consecu- 
tively passed, thereby preventing various draw- 
backs resulting from uneven temperature 
distribution on th fixing roller. 
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BACKGROUND OF THE INVENTION 
Fi Id of the Inv ntion 

5 Th pres nt inv ntion relates to an imag heating d vice for heating an imag n a recording material, 

and more particularly to an image heating device adapted for use as a fixing device in an image forming ap- 
paratus. 

Related Background Art 

10 

For heating an image on a recording material there is widely employed a system of contacting a heating 
member with the recording material, maintaining at a predetermined temperature, as exemplified by the heated 
roller system. 

Such heating system requires a certain warm-up time until the heating member reaches the predetermined 

15 temperature after the start of electrifying thereto. 

For reducing the warm-up time, there are generally two methods, a first method being to increase the 
power of the heater constituting the heat-generating member, while a second method being to reduce the thick- 
ness of the heating roller in order to reduce the heat capacity thereof. 

However, the first method is associated with a drawback of lack in electric power in the entire image form- 

20 ing apparatus, since, even though an enough electric power can be supplied to the heater at the warm-up 
stage, the electric power has to be supplied to other units of the apparatus in addition to the fixing unit upon 
operation of the ordinary image forming. Also, the second method shortens the warm-up time, but is associ- 
ated with the following drawback. In an image forming apparatus available for recording sheets (as recording 
material) of various widths, the heat amount distribution of the heater is designed for the recording sheet of 

25 the largest width. Consequently, if the recording sheets of narrower width are made to pass in succession, 
the end portions of the heating roller becomes very hot, due to the lack of heat dissipation to the recording 
sheet, in comparison with the central portion of the roller where the recording sheet passes, thus eventually 
giving rise to failure of the device in some case. This is the reason that it is difficult to dissipate heat in the 
longitudinal direction of the roller due to the reduced thickness of the roller. 

30 There is also another method of adopting two heaters, and energizing both in the warm-up stage while 
energizing only one in the ordinary image forming operation, but such configuration is still associated with the 
above-mentioned drawback of temperature rise in the end portions of the roller when the narrow recording 
sheets are used in succession. 

35 SUMMARY OF THE INVENTION 

An object of the present invention is to provide an image heating device capable of reducing the heat ca- 
pacity of the heating member and reducing the warm-up time. 

Another object of the present invention is to provide an image heating device capable of preventing the 
40 temperature rise of the heating member in portions where the sheets do not pass. 

SMI another object of the present invention is to provide an image heating device comprising a heating 
member provided with a first heater and a second heater of a heat distribution different from that of the first 
heater, a back-up member forming a nip with the heating member, and electrifying control means for effecting 
time-shared control of electrifying to the first and second heaters. 
45 StOI other objects of the present invention, and the features thereof, will become fully apparent from the 

following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so Fig. 1 is a chart showing the distribution of heat generation of heaters in an embodiment of the present 
invention; 

Fig. 2 is a chart showing the timing of energization of the heaters shown in Fig. 1; 
Fig. 3 is a chart showing the generated heat distribution and the timing of electrifying in case of a heater 
shown in Fig. 5, with a power of 800 W and a length of 300 mm, and also showing the generated heat 
55 distribution in case of heaters, shown in Fig. 1 , respectively with a power of 800 W and a length of 200 
mm and a pow r of 400 W and a length of 100 mm; 

Fig. 4 is a chart showing th timing of lectrifying in cas of th h aters shown in Fig. 1, respectively with 
a power of 800 W and a I ngth of 200 mm and a pow r of 400 W and a I ngthoMOOmm; 
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Fig. 5 is a chart showing the generated heat distribution and th timing f electrifying of a singl heat- 

g nerating member capabl of satisfactorily fixing th recording sheet of maximum size, shown for th 

purpose of comparison with the mbodiment fth present inv nti n; 

Fig. 6 is a block diagram of another embodim nt fth device of the present invention; . 
5 Fig. 7 is a chart showing th light distributi n charact ristic f a main heater sh wn in Fig. 6; 

Fig. 8 is a chart showing the light distribution characteristic of a sub heater shown in Fig. 6; 

Fig. 9 is a flow chart of the temperature control sequence of the device shown in Fig. 6; 

Fig. 10 is a chart showing the on/off timings of the heaters in the device shown in Fig. 6; 

Fig. 1 1 is a chart showing the on/off timings of the main heater of the device shown in Fig. 6; 
10 Fig. 12 is a chart showing the on/off timings of the sub heater of the device shown in Fig. 6; 

Fig. 13 is a flow chart of the temperature control sequence of another embodiment; 

Fig. 14 is a chart showing the on/off timings of the heaters in the embodiment shown in Fig. 13; 

Fig. 15 is a chart showing the on/off timings of a main heater in the embodiment shown in Fig. 13; 

Fig. 16 is a chart showing the on/off timings of a sub heater in the embodiment shown in Fig. 13; 
15 Fig. 17 is a circuit diagram showing another embodiment; 

Fig. 18 is a block diagram of another embodiment of the device of the present invention; 

Fig. 19 is a flow chart of the temperature control sequence of the device shown in Fig. 18; 

Fig. 20 is a chart showing the on/off timings of the heaters in the device shown in Fig. 18; 

Fig. 21 is a chart showing the on/off timings of a main heater in the device shown in Fig. 18; 
20 Fig. 22 is a chart showing the on/off timings of a sub heater in the device shown in Fig. 18; 

Fig. 23 is a block diagram of another embodiment; 

Fig. 24 is a flow chart of the temperature control sequence of the embodiment shown in Fig. 23; 
Fig. 25 is a chart showing the on/off timings of heaters in the embodiment shown in Fig. 24; 
Fig. 26 is a chart showing the on/off timings of main and sub heaters in the embodiment shown in Fig. 24; 
25 Fig. 27 is a cross-sectional view of an image forming apparatus, employing the fixing device embodying 

the present invention; 

Fig. 28 is a magnified cross-sectional view of the fixing device employed in the embodiment shown in Fig. 
27; 

Fig. 29 is a chart showing the light amount distribution of a main heater; 
30 Fig. 30 is a chart showing the light amount distribution of a sub heater; 

Fig. 31 is a chart showing temperature change of a fixing roller in a part where the paper does not pass; 
Fig. 32 is a chart showing temperature change of a fixing roller in a part where the paper does not pass; 
Fig. 33 is a chart showing temperature distribution of a fixing roller, after consecutive f being of small-sized 
papers; 

35 Fig. 34 is a chart showing temperature distribution of a fixing roller, after consecutive fixing of large-sized 
papers; 

Fig. 35 is a chart showing temperature distribution of a f being roller, in another embodiment; 
Figs. 36 and 37 are charts showing the energized states of main and sub heaters; 
Fig. 38 is a chart showing the on/off timings in case of a single heater; 
40 Fig. 39 is a chart showing the on/off timings of heaters embodying the present invention; 

Fig. 40 is a chart showing the on/off timings of heaters embodying the present invention; 
Figs. 41 and 42 are flow charts of the control sequence of embodiments of the present invention; 
Figs. 43 and 44 are charts showing temperature change in the f ixing roller in embodiments of the present 
invention; 

45 Fig. 45 is a flow chart showing the control sequence of an embodiment of the present invention; and 

Fig. 46 is a flow chart showing the control sequence of an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

so in the following an embodiment of the present invention will be described with reference to Figs. 1 to 5. 
At first, for the purpose of comparison with the present embodiment, there is supposed a single heater 1 as 
shown in Fig. 5, which is assumed to have a power and a length capable of satisfactorily f being the toner image 
on a recording sheet of a maximum size (hereinafter called "full size") employed in the ordinary copying ma- 
chine. Namely, the heater 1 has the light amount distribution over the entire area of a length L [mm] corre- 

55 spondingt the full siz , with an output power Qo[W], so that the utput per unit length is Qo/L[W/mm] in this 
case. The h ater 1 is controll d by control means (not shown) so as to int rmitt ntly be turned on and ff ac- 
cording to a signal from temp rature detector means (not shown) such as a thermistor, thereby maintaining 
th surface temperature of a fixing roller within a giv n temperatur range. The sequ nee f I ctrifying is 
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shown in Fig. 5. The lectrifying to the heater 1 is conducted with a cycle tim S [sec], in which the heater 1 
is nergized ( I ctrif ied) for a period T [sec] and deactivated for a p riod (S-T) [sec] in int rmittently. Conse- 
qu ntiy, th heat amount supplied per unit I ngth f th h ater 1 in cycl time S [sec] is q 0 [Wsec/mm] = (Qq 
[WJ/L(mm])xt[s c]. 

5 Nam ly, th heat am unt q 0 is required for fixing th ton r imag on the recording sh t f full size. 

The present embodiment employs two heaters 2, 3 of heat distributions as shown in Fig. 1 . The heater 2 
has the distribution only in a length 1t [mm] corresponding to a recording sheet of a narrower width, while the 
heater 3 has the distribution mainly in a narrower area 1 2 [mm] outside the recording sheet Assuming that the 
heaters 2, 3 have outputs Q 1t Q 2 [W], respectively, the output per unit length of the heater 2 is Q^^ [W/mm] 

10 while that of the heater 3 is Q2M2 [W/mm]. Also in this embodiment there is conducted intermittent control with 
a cycle time S [sec] as explained above, with total electrifying times U , t 2 [sec] for the heaters 2, 3 in the cycle 
time S, so that the heat amounts supplied per unit length within the cycle time S are [Wsec/mm] = (Q t 
[WJ/1 t [mm]) x tt [sec] for the heater 2 and q2 = (Q2/I2) x t 2 for the heater 3. 

Since the satisfactory fixation of the toner image on the recording sheet of full size requires a heat amount 

15 per unit length of q 0 [W sec/mm] within the cycle time S [sec] as mentioned above, the heat amounts q 1v q 2 
[W sec/mm] from the heaters 2, 3 have to be at least equal to the heat amount q<>. Also if the sum of the total 
electrifying times t 1f t 2 of the heaters 2, 3 exceeds the cycle time S [sec], the supply of the electric power to 
the image forming apparatus becomes deficient since the heaters 2, 3 have to be simultaneously energized 
for a certain period. Consequently the control has to be executed so as to satisfy a condition t t [sec] -1- 1 2 [sec] 

20 ^ S [sec]. Also there is required a relationship L [mm] ^ l t [mm] + 1 2 [mm] in order that heat does not lack in 
any part when the heat distributions of the heaters 2 and 3 are superposed. In consideration of these conditions, 
the total electrifying times t 1( t 2 of the heaters 2, 3 within the cycle time S [sec] are determined as shown in 
Fig. 2. 

Now reference is made to Fig. 2 for explaining the electrifying sequence for the heaters 2, 3. In a sequence 

25 1 , each of the heaters 2, 3 is energized only once within the cycle time S [sec]. If the thickness of core metal 
of the f being roller is relatively large, such sequence can be employed because of a large heat capacity. In a 
sequence 2, each of the heaters 2, 3 is energized twice within the cycle time S, while in a sequence 2', the 
heater 2 is energized twice and the heater 3 is energized three times. Also in a sequence 3, each of the heaters 
is energized five times. In this manner, various controls are possible in this embodiment 

30 In the following the present embodiment will be further clarified by numerical examples of the parameters. 
It is assumed, as shown in Fig. 3, that a heater 1 of 800 W is required for satisfactorily fixing the toner image 
on the recording sheet of full size. For maintaining the surface temperature of t he fixing roller within a prede- 
termined temperature range, there is assumed an electrifying sequence of activation of 6 seconds and deac- 
tivation of 4 seconds within a cycle time of 10 seconds. In this case the heat amount supplied per unit length 

35 within the cycle time of 10 seconds is qo = (800 [WJ/300 [mm]) x 6 [sec] ^ 16 [W sec/mm], which corresponds 
to the heat amount per unit length required for fixing the toner image on the recording sheet of full size, within 
the cycle time S of 10 seconds. 

On the other hand, in the present embodiment, the heaters 2, 3 respectively have the heat amount dis- 
tributions of 800 [W]/20C [mm] and 400 [W]/100 [mm]. 

40 With the total electrifying times of 4 [sec] for the heater 2 and 4 [sec] for t he heater 3 within the cycle time 
of 10 seconds, the heat amounts supplied by the heaters 2, 3 per unit length within the cycle time are, respec- 
tively, q 1 = 800 [W]/200 [mm] x 4 [sec] = 16 [W sec/mm] and q 2 = 400/100 x 4 = 16 [W sec/mm], which are 
substantially equal to the heat amount 16 W sec/mm required by a single heater. 

Also the sum of the total electrifying time of 4 seconds for the heater 2 and that of 4 seconds for the heater 

45 3 is 8 seconds, which is smaller than the cycle time of 1 0 seconds, so t hat the heater 2 of 800 W and the heater 
3 of 400 W are not energized simultaneously. Consequently, in the present embodiment, the heaters 2, 3 can 
be energized in the course of a copying operation with an electric power available after deducting of the power 
required for the optical (illuminating) system or for the main motor. 

If the heaters 2, 3 are to be energized simultaneously, the f being device will require an electric power of 

so 800 + 400 = 1200 W, and other units involved in the copying operation will not be powered. Since the electric 
power ordinarily available, for example, in the Japanese standards is limited to 15 [A] x 100 [V] = 1500 [W], 
there will only be available an electric power of 1500 - 1200 = 300 W. 

Now reference is made to Fig. 4 for explaining examples of the electrifying sequence for the above- 
mentioned two heaters 2, 3. In case of f being a recording sheet of full size, covering the entire length of the 

55 fixing roller, th h ater 2 is nergized three times with an electrifying time of 1.3 seconds ach, within th cycl 
tim as shown in Fig. 4. The heater 3 is energized three times with an electrifying time of 1.3 seconds each 
during the d activation periods of th h ater 2. 

Suchs qu nee nablesth heaters 2, 3 to provide a heat amount equival nt to that f16W s c/mmpro- 
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vided by a single heat r ver th ntire I ngth within 10 seconds, thus satisfying the requirement of fixati n 
ofth toner imag on the full-sized sh t 

Onth oth r hand, in case f fixing a narrower r cording sheet, th h ater2al n is nergizedwhfl th 
heat r 3 is continuously deactivated as shown in Fig. 4, wh reby prev nted is th temperatur rise in the end 
5 portion (where th sheet d es not pass) of th f being roller, conv ntionally ncount red wh n the narrow r 
recording sheets are consecutively fixed. 

In the warm-up stage, since the optical system, main motor and the like in the main body of the apparatus 
are still stopped, a power of 800 + 400 = 1200 W can be supplied to the f being device, so that the f being roller 
can be heated with both of the heaters 2 and 3. Consequently the waiting time can be significantly shortened, 
10 in comparison with the conventional case of warming up with a single heater of 800 W. 

In the following there will be explained another embodiment of the present invention, of which block dia- 
gram is shown in Fig. 6. 

A CPU 1 serves as timing control means for the image forming operation of the image forming apparatus 
in which the device of the present embodiment is adopted and for the temperature control of a fixing roller 4 
15 in a f being device 2. A main (first) heater 2 and a sub (second) heater 3 each for heating the f being roller 4 with 
different heat distribution, are energized by entering on/off signals from the CPU into trigger circuits 7, 8 thereby 
activating triacs 9, 10. 

On the f being roller 4, a thermistor 5 is maintained in contact, for detecting the surface temperature of the 
roller. The temperature detected by the thermistor 5 is supplied as an analog voltage signal to an A/D conver- 
20 sion port of the CPU 1, which effects temperature control based on thus detected temperature. 

A sheet size detection means 11 detects the size of the recording sheet, for example by the combination 
of signals entered from plural push switches. In response to the signals, the CPU 1 switches the control timings 
for the main heater 2 and the sub heater 3. 

A zero-cross detection circuit 6 for the AC input signals to the main heater 2 and the sub heater 3 provides 
25 output pulses to an input port or an interruption port of the CPU 1 , which counts thus entered pulses and reg- 
ulates the control timings for the main heater 2 and the sub heater 3 according to the obtained count 

In the following there will be explained, with reference to Figs. 7 and 8, the light distribution characteristics 
of the f being heaters of the present embodiment. 

It is assumed that the recording sheet is transported at the center as the basis of reference, regardless 
30 of the sheet size. 

As shown in Figs. 7 and 8, the heat amount distribution of the main heater 2 is higher at the central portion 
in the longitudinal direction (L) of the f being roller, and lower at the end portions thereof, while that of the sub 
heater 3 is lower at the central portion and higher at the end portions, thereby complementing the heat dis- 
tribution of the main heater 2. Therefore, the energization of the main heater 2 heats the central portion of the 

35 fixing roller 4 than in the end portions, while the energization of the sub heater 3 heats the end portions of 
the fixing roller 4 than in the central portion. Thus the use of two heaters of mutually complementing distrib- 
utions realizes temperature control of the central and end portions of the fixing roller 4. 

In the following the functions of the present embodiment will be explained in detail, with reference to a 
flow chart in Fig. 9 showing the temperature control sequence of the CPU 1 and timing charts in Figs. 10 to 

40 12 showing the on/off timings of the fixing heaters. 

At first the surface temperature of the fixing roller 4 is detected by the thermistor 5 (step S1 in Fig. 9), 
and is compared with a target temperature (S2). If the temperature is too high, a step S1 1 turns off the main 
heater 2 and the sub heater 3, and the sequence returns to the step S1 for temperature detection. If the tem- 
perature is low in the step S2, a step S3 causes the size detection means 1 1 to detect the size of the recording 

45 sheet, and a step S4 discriminates whether the sheet is A4 size or A4R size. If the recording sheet is for example 
A4 size, a step S5 starts the counting of zero-cross signals. Then a step S6 energizes the main heater 2 until 
said count reaches a predetermined value A, while maintaining the sub heater 3 deactivated during this period. 
Then a step S7 energizes the sub heater 3 until the count reaches a predetermined value B, while maintaining 
the main heater 2 deactivated during this period. On the other hand, if said step S4 identifies the sheet as of 

so A4R size, a step S8 initiates the counting of the zero-cross signals, and a step S9 energizes the main heater 
2 until the count reaches a value (A+a) which is corrected by a count a corresponding to the difference in width 
between the A4 size and the A4R size, while maintaining the sub heater 3 deactivated during this period. Then 
a step S1 0 energizes the sub heater 3 until said count reaches a value (B-a), while maintaining the main heater 
2 deactivated during this period. Then the sequence returns to the step S1, and the temperature control of 

55 th f bang roller is xecutedbyth rep tition fth ab ve-explained sequence. 

Figs. 10, 11 and 12 show th above- xplain d temperature control sequence as a function of time in the 
abscissa. As shown in Fig. 1 0, th t mperature detected by the thermistor 5 varies as indicated by a solid lin , 
gradually approaching a target temperature represented by a brok n lin . In this peration th heaters are 
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turned n and off as illustrated. The d tails of th nergization period of the heaters in Fig. 10 are shown in 
Figs. 11 and 12, respectiv ly for the A4 and MR sh t siz s. In Fig. 11 , the main heater 2 is turned n for a 
zero-cross signal count A, and the sub heater is th r aft rturn d nf r a count B. In Fig. 12, th main heat r 
is turned n for a count (A+a) and the sub h at r is turned on f r a count (B-a). Thus, when the width f th 

5 recording sheet is smaller than that of th roller (Fig. 12), the electrifying time of the sub heat r 3, providing 
heat more in the end portions than in the central portion, is made shorter than in the case of Fig. 11 in which 
the width of the recording sheet is substantially same as that of the roller. 

In the following there will be explained another embodiment of the present invention with reference to Fig. 
13. The configuration of the present embodiment is same as shown in Fig. 6, and the distribution characteristics 

w of the heaters are same as those shown in Figs. 7 and 8, so that the on/off timings of the heaters alone will 
be explained with reference to Fig. 13. Also in Fig. 13, steps up to S4 for sheet size detection are same as 
those of the foregoing embodiment shown in Fig. 9. 

The step S4 discriminates whether the recording sheet is of A4 or A4R size, and, if the A4 size is identified, 
a step S5 energizes the main heater 2 for a period T1 while maintaining the sub heater 3 deactivated during 

15 this period. Then a step S6 energizes the sub heater 3 for a period T2 while maintaining the main heater 2 
deactivated. On the other hand, if the step S4 identifies the sheet as A4R size, a step S7 energizes the main 
heater 2 for a period (T1+t) which is corrected by a period t corresponding to the difference in width of the A4 
and A4R sizes, while maintaining the sub heater 4 deactivated during this period. Then a step S8 energizes 
the sub heater for a period (T2-t) while maintaining the main heater 2 deactivated. Then the sequence returns 

20 to the step S1, and the temperature control of the fixing roller is conducted by the repetition of the above- 
explained sequence. 

Figs. 14, 15 and 16 show the above-explained temperature control sequence, as a function of time in the 
abscissa. As shown in Fig. 14, the temperature detected by the thermistor 5 varies as indicated by a solid line, 
gradually approaching a target temperature represented by a broken line. In this operation the heaters are 

25 turned on and off as illustrated. The details of the energization period of the heaters in Fig. 14 are shown in 
Figs. 15 and 16, respectively for the A4 and A4R sheet sizes. In Fig. 15, the main heater is turned on for a 
period T1 , and the sub heater 3 is thereafter turned on for a period T2. In Fig. 16, the main heater 2 is turned 
on for a period (T1+t) and the sub heater 3 is thereafter turned on for a period (T2-t). Thus, when the width 
of the recording sheet is smaller than that of the roller (Fig. 1 6), the electrifying time of the sub heater 3, pro- 

30 viding heat more in the end portions than in the central portion, is made shorter than in the case of Fig. 15 in 
which the width of the recording sheet is substantially same as that of the roller. 

In the following there will be explained still another embodiment. In the foregoing embodiment, the on/off 
signals for the main and sub heaters are varied by an internal time of the CPU in order to vary the on/off timings 
of the heaters. In this embodiment, the on/off timings are varied by an on/off signal for the main heater and a 

35 control signal representing the turn-on period of the heaters, for example by means of a circuit shown in Fig. 
17. 

Referring to Fig. 17, a signal to be supplied to the trigger circuit of the main heater is generated in an AND 
gate from an on/off signal for the main heater and a control signal representing the on-period of the heaters, 
while a signal to be supplied to the trigger circuit of the sub heater is generated in an AND gate from an inverted 
40 signal of said on/off signal and the control signal representing the on-period of the heaters. It is thus possible, 
by means of the above-explained circuit, to generate the trigger signals for the heaters, thereby realizing the 
on/off timings for the heaters shown in Figs. 10 and 11. Also, since the trigger signal for the sub heater is gen- 
erated from the inverted signal of the on/off signal for the main heater, the main and sub heaters are not energ- 
ized simultaneously, and this configuration is therefore effective in case that the power supply has not margin 
45 in the power or in the current 

In the following there will be explained still another embodiment, of which block diagram is shown in Fig. 
18 and of which heaters are of the distribution characteristics shown in Figs. 7 and 8. The present embodiment 
is additionally equipped with a sheet sensor 13. 

The detailed functions of the present embodiment will be explained with reference to a flow chart in Fig. 
so 19 showing the temperature control sequence of the CPU 1 and timing charts in Figs. 20 to 22 showing the 
on/off timings of the f being heaters. 

At first the surface temperature of the fixing roller 4 is detected by the thermistor 5 (step S1 ), and is com- 
pared with a target temperature (S2). If the temperature is too high, a step S9 turns off the main heater 2 and 
the sub heater 3, and the sequence returns to the step S1 for temperature detection. If the temperature in the 
55 step S2 is low, a step S3 causes th she t d tecti n means 14 1 detect the passing of th recording sheet, 
and a step S4 discriminates wh ther a recording sh t is currently passing th fixing roll r. If not, a st p S5 
turns on the main heat r 2 for a period T1 and turns off the sub h at r 3 f r th period. Th n a step S6 turns 
nth subh aterf r a period T3, and turns off the main heater 2 forth p riod. Ontheoth r hand, if the step 
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S4 identifies that a recording sh t is currently passing the fixing roller, a st p S7 turns on the main heater 2 
for a period (T1 +t), and turns off th sub heater 3 for t h period. Th n a step S8 turns on th sub heat r f r a 
period (T2-t), and turns ff th main heater 2 for th period. Subsequ ntiy, th sequ nee returns to the step 
S1, and th temperature control for th f being roller is xecuted by the r p tition of th above- xplained se- 
5 qu nee. 

Figs. 20, 21 and 22 show the above-explained temperature control sequence, as a function of time in the 
abscissa. As shown in Fig. 20, the temperature detected by the thermistor 5 varies an indicated by a solid line, 
gradually approaching a target temperature represented by a broken line. In this operation the heaters are 
turned on and off as illustrated. The details of the energization period of the heaters in Fig. 20 are shown in 

10 Figs. 21 and 22, respectively when a recording sheet passes or does not pass the f being roller. In Fig. 21 the 
main heater 2 is turned on for a period T1, and the sub heater 3 is thereafter turned on for a period 12. On 
the other hand, in Fig. 22, the main heater 2 is turned on for a period (T1 +t) and the sub heater 3 is thereafter 
turned on for a period (T2-t). In case that the recording sheet passes the f being roller (Fig. 22), the heat of the 
fixing roller is taken away by the recording sheet, more in the central portion than in the end portions. Thus, 

15 the on/off timings of the heaters are so modified that the electrifying time of the main heater 2, providing the 
heat more in the central portion than in the end portions, is prolonged in comparison with the case in which 
the recording sheet does not pass the f being roller (the case of Fig. 21), and the electrifying time of the sub 
heater, providing the heat more in the end portions than in the central portion, is shortened. 

Fig. 23 is a block diagram of still another embodiment of the present invention, which is different from the 

20 device shown in Fig. 1 8 in the absence of the sheet sensor 13 and the presence of a thermistor 14 for detecting 
the temperature of an end of the roller. Otherwise the device shown in Fig. 23 is same as that in Fig. 18, so 
that the same components as those in Fig. 18 are represented by same numbers and will not be explained 
further. The distribution characteristics of the heaters are same as those in Figs. 7 and 8. 

The on/off timings of the heaters will be explained with reference to Fig. 24. At first the surface temperature 

25 in the central portion of the fixing roller 4 is detected by the thermistor 5 (S1) and is compared with a target 
temperature (S2). If the temperature is too high, a step S6 turns off the main heater 2 and the sub heater 3 
and the sequence returns to the stepSI for temperature detection. If the step S2 identifies that the temperature 
is low, a step S3 causes the thermistor 14 to detect the surface temperature at an end portion of the fixing 
roller 4. Then a step S4 turns on the main heater 2 for a period (T1+t) and turns off the sub heater 3 during 

30 the period. Then a step S5 turns on the sub heater 3 for a period (T2-t) and turns off the main heater 2 for the 
period. The value t is varied according to the roller end temperature detected in the step S3, for example, being 
increased or decreased if the temperature is high or low. Then the sequence returns to the step S1 and the 
temperature control of the f being roller is executed by repetition of the above-explained sequence. 

Figs. 25 and 26 show the above-explained temperature control sequence, as a function of time in the ab- 

35 scissa. As shown in Fig. 25, the temperature detected by the thermistor 14 varies as indicated by a solid line, 
gradually approaching a target temperature represented by a broken line. In this operation the heaters are 
turned on and off as illustrated. The details of the energization period of the heaters in Fig. 25 are shown in 
Fig. 26, in which the main heater 2 is turned on for a period (T1+t) and the sub heater 3 is thereafter turned 
on for a period (T2-t). As explained above, the value t is increased or decreased respectively if the detected 

40 temperature at the end portion of the fixing roller is high or low. Thus, when the temperature at the end portion 
of the roller becomes higher, the on/off timings of the heaters are so varied that the electrifying time of the 
sub heater, giving the heat more in the end portions than in the central portion, is shortened in comparison 
with the case in which the end portion temperature is not high. 

In the following there will be explained still another embodiment of the present invention. 

45 Fig. 27 is a cross-sectional view of an image forming apparatus employing the image heating device of 

the present embodiment as a f being device. 

As already well known, a configuration for forming a toner image is composed of a photosensitive member 
21, around which provided are a charger 22, an image exposure unit 23, a developing unit 24, transfer-sepa- 
rating chargers 25, 26, a cleaning unit 27 and a pre-exposure unit 28. A toner image is electrophotographically 

so formed on the photosensitive member 21 . 

The toner image is transferred as an unfixed toner image onto a recording sheet (paper) P supplied from 
a container 30. The sheet is subsequently transferred to a f being device 29 in which the toner image is f ixed 
as a permanent image. 

The container 30, detachable from the main body of the apparatus, is provided with a sheet size identifying 
55 button 31 , which is read by a sheet siz sensor 32 provided in th main body of th apparatus, and a sh et 
size signal is sent from the sensor 32 to a control circuit 33, which also counts the number of consecutive image 
forming operations. 

Fig. 28 is a magnified cross-secti nal vi w of a f being d vice 29. 
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A recording sh t bearing an unfixed toner image is guided by a guide 44 to the nip between a fixing roller 
45 and a pressure roller 46, and th t nerimag is fixed t th recording sheet by h at and pressur while it 
passes the nip. 

Th fixing roll r 45 is composed of a h Now steel cylinder 47 of a thickness of 0.7 mm and a releasing 
5 lay r 48 of fluorinated resin, provided n the cylind r. 

Inside the cylinder 47 there are provided two heaters 49, 50 of different heat distributions. The pressure 
roller 46 is composed of a hollow metal cylinder 51 , an elastic silicone rubber layer 52 provided on the external 
periphery thereof, and a fluorinated resin layer 53 coated thereon for further improving releasing character. 
The surface temperature of the fixing roller is detected by a temperature sensor 54, of which output signals 
10 is supplied to the control circuit 33 for controlling the on/off timings of two heaters of mutually different heat 
distribution characteristics. 

In the following there will be explained the heat distribution of the heaters 49, 50. 
In the image forming apparatus of the present embodiment, the recording sheet is transported always at 
the center as the basis of reference, regardless of the size thereof. 
15 Fig. 29 shows the heat distribution pattern of a main heater 49, of which heat amount is concentrated in 
a central portion in the longitudinal direction of the fixing roller, wherein the width of the central portion matches 
the widt h of a smaller-sized sheet Fig. 30 shows the heat distribution pattern of a sub heater 50, of which heat 
amount is concentrated in end portions in the longitudinal direction. The electric powers employed in this em- 
bodiment are 700 W and 600 W respectively for the main heater and the sub heater. 
20 In the following explained are the on/off timings of the heaters 49, 50. 

The small-sized sheet means the legal size or smaller, and the large-sized sheet means the ledger size 
or larger. 

In case of image formation on a small-sized sheet, since the heat of the fixing roller is taken away mainly 
in the central portion, the main heater 49 alone is energized while the sub heater 50 is turned off. 
25 In case of image formation on a large-sized sheet, since the heat is taken away also from the end portions 
in the logitudinal direction of the fixing roller, the end portions become lower in temperature, thus leading to 
defective f being if the main heater alone is used. Consequently the temperature distribution in the longitudinal 
direction of the f being roller is made uniform by alternately turning on and off the main heater and the sub heater. 
In the present embodiment, satisfactory temperature distribution could be obtained with a ratio of 4 : 1 in the 
30 electrifying time of the main heater and the sub heater. More specifically, while the signal to energize the hea- 
ters is emitted from the control circuit 13, the main heater was energized for 0.4 seconds and the sub heater 
was energized then for 0.1 seconds within a cycle time of 0.5 seconds. 

In the following there will be explained the control of the on/off timings of the heaters, in relation to the 
sheet size and the number of continuous image formations. 
35 in case of image formation on a sheet of maximum or minimum size, there will not result the high temper- 
ature offsetting or the defective fixation even in continuous image formations with a fixed on/off timing of the 
heaters, because the heat distributions of the heaters 49, 50 approximately coincide with the sheet size. 

However, in case of image formation on a sheet of intermediate size, for example the sheet of A4 size trans- 
ported longitudinally, the temperature distribution of the fixing roller varies significantly as the image forming 
40 operations are repeated continuously. 

In the following there will be explained phenomena in case of continuous image formations with the A4- 
sized sheets transported longitudinally. 

In case the number of transported sheets is five or less, the A4-sized sheets transported longitudinally 
will show deficient fixation at both ends if the fixation is conducted with the main heater only. Consequently 
45 the sub heater has to be energized with a ratio of 1 : 4 or larger in energization time to the main heater. Fig. 
31 shows the temperature of a portion, where the recording sheets do not pass, of the fixing roller as a function 
of the number of continuously transported sheets, in case the main heater and the sub heater are energized 
with a ratio of 1 : 4 in energization times. 

Fig. 31 indicates that said portion, where the recording sheets do not pass, reaches 230°C. 
so in the device of the present embodiment, the f being roller can withstand a high temperature up to 230°C. 

In the present embodiment, therefore, the ratio of energization times of the main heater and the sub heater 
is varied at the 21st sheet and thereafter to turn on the main heater only, thereby suppressing the temperature 
rise in the portion where the recording sheets do not pass. 

That is, when the number of continuous image formations reaches 21 or larger, the main heater 19 alone 
55 is energized whil the sub heater 20 is deactivated. 

Wh n th main h ater 19 alon is n rgized after th 21st sh et, the temperature at both nd portions 
of the f being roller is gradually low red to such a level that the number of transported sheets is f rv or less, 
but there can be assured satisfactory image fixation at the end porti ns f th A4-sized sheets transported 
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t ngitudinally, because the pressure roller 46 is suff ici ntiy warmed. 

As explained in the foreg ing, it is possible to prevent th defectiv fixation or the high temperature off- 
setting, by suitably varying th ratio in n rgization times of th main h ater and th sub h at r according to 
th sheet size and th number of continu usfy transported sheets. 
5 Inth following xplain d is still another embodim nt of the present invention. 

In case of f being thicker recording sheets, a larger amount of heat is supplied to the fixing roller as a larger 
amount of heat is taken away by such thickner sheets, so that the portion where the recording sheets do not 
pass shows a larger temperature rise. 

On the other hand, at a same f being temperature, the image fixation is more difficult on such thicker sheets 
10 than on the ordinary paper. Consequently, even if the main heater alone is energized at the 21st and subse- 
quent sheets as in the foregoing embodiment, there will result the high temperature offsetting because the 
portion where the recording sheets do not pass shows a larger temperature rise and exceeds 230°C already 
at the 20th or earlier sheet Also if the main heater alone is energized at the 20th or earlier sheet where the 
temperature of the portion does not reach 230°C, there will result defective image fixation because the tern- 
is perature of the fixing roller in the portions corresponding to the end portions of the longitudinally transported 
A4-sized sheet and also because such thicker sheet has inferior image fixing ability. 

For these reasons, in the present embodiment, upon detection of thicker sheets, the ratio of energization 
times of the main heater to the sub heater is increased for every five continuous image formations. 

Fig. 32 shows the temperature change in the portion, where the recording sheets do not pass, of the f bang 
20 roller. As will be understood from Fig. 32, the fixing roller always shows satisfactory temperature distribution. 
Specific ratios of energization times are shown in the following table 1: 



Table 1 

25 



Heater 


Ratio of energization times 


Sheet number^-^^ 


Main heater 


Sub heater 


1-5 


4 


1 


6-10 


6 


1 


11 - 15 


8 


1 


16 - 20 


10 


1 


21 - 


00 


0 



It is possible, in this manner, to prevent the high temperature offsetting and the defective image fixation 
even on thicker recording sheets, by increasing the ratio of energization time of the main heater in plural levels. 

In the following explained stOI another embodiment of the present invention. 
45 When the main heater alone is energized for the 21st and subsequent sheets as explained in the foregoing, 
the temperature of the end portions of the fixing roller becomes lower with the increase in the number of con- 
tinuously transported sheets, whereby the fixing ability becomes lower. 

Although the image fixation can still be achieved on ordinary paper, it may not be achieved on papers of 
inferior surface characteristics. For improving the fixing ability in such case, the ratio of energization times of 
so the main heater and the sub heater is returned to 4 : 1 after 70 A4-sized sheets transported longitudinally. 
Thereafter repeated is a cycle consisting of 20 copies with said state of energization of 4 : 1 and 50 copies 
with the main heater only. Such operation mode provides improved f bang abflity. 

The kind of the paper can be designated on the operation panel (not shown) of the apparatus. The fore- 
going embodiments employ two heaters, but the control of on/off timing of the present invention may also be 
55 applied to three or more heaters. 

In th following explained is still another embodim nt of th present invention, of which configuration is 
same as shown in Fig. 28 and h at distributi n characteristics are same as shown in Figs. 29 and 30. In th 
present embodiment, th recording sheet is transport d always at the center as th basis of reference, regard- 
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I ssofth size thereof. 

Th n/off timings of two heaters 49, 50 of th pr sent mbodiment are controlled in th following manner. 
In this embodiment, a small-sized sheet m ans B4 siz or smaller, and a large-sized sh t m ans is B4 
size r larger. The B4-sized sheet is longitudinally transported with the I nger side positi nedal ngthetrans- 
5 porting direct! n. 

In case of image formation on small-sized sheets, since the heat is taken away principally from the central 
portion of the f being roller, the main heater 49 alone is energized while the sub heater 50 is turned off. 

Fig. 33 shows the temperature distribution of the fixing roller after continuous fixation of small-sized 
sheets. 

10 Even though the sub heater 50 is turned off, the temperature of the fixing roller becomes higher in the 
end portions after continuous fixing operations. 

On the other hand, in case of image fixation on large-sized sheets, since heat is taken away also in the 
end portions of the fixing roller, the temperature of the end portions becomes lower and there will be encoun- 
tered the defective fixation if the main heater alone is energized. Consequently the temperature distribution 

15 in the longitudinal direction of the f being roller is made uniform by alternate energization of the sub heater and 
the main heater. In the present embodiment, a satisfactory temperature distribution could be obtained by a 4 : 
1 ratio of energization times of the main heater and the sub heater. More specifically, while a heater energi- 
zation signal is supplied from the control circuit 1 3, the main heater is turned on for 0.4 seconds and the sub 
heater is thereafter turned on for 0.1 seconds, in a cycle time of 0.5 seconds. 

20 Fig. 34 shows the temperature distribution of the f being roller, after continuous fixation of large-sized 
sheets. 

In the following there will be explained the temperature control of the f being roller in a stand-by state after 
the image fixation operation. 

After continuous copying with the small-sized sheets, the f being roller shows a higher temperature at the 
25 end portions, as shown in Fig. 33. Consequently, the temperature at the end portions cannot be easily lowered 
if the sub heater with the heat distribution higher in the end portions than in the central portion is employed 
in the temperature control during the stand-by state after the continuous fixation of small-sized sheets. 

Consequently, in the present embodiment, in an initial stage of the stand-by state after the fixation of small- 
sized sheets, the temperature control is executed by the main heater which has the higher heat distribution in 
30 the central portion than in the end portions. 

Thus, upon entering the stand-by state, the temperature of the end portions is promptly lowered, and uni- 
form temperature distribution is realized on the f being roller. 

However, if the temperature control is continued with the main heater only even after the uniform temper- 
ature distribution is attained, the temperature of the end portions becomes lower due to the larger heat radiation 
35 in the end portions, thus eventually leading to defective fixation in said end portions. 

For this reason, in the present embodiment, the temperature of the f being roller is controlled by the main 
heater only for a predetermined initial period of the stand-by state required for obtaining uniform temperature 
distribution, and is thereafter controlled by the sub heater only. 

After the continuous fixation of small-sized sheets, substantially uniform temperature distribution can be 
40 obtained on the f being roller within about 1 minute by the temperature control with the main heater only. 

In the present embodiment, therefore, the temperature control after continuous fixation of small-sized 
sheets is conducted by the main heater only for one minute and is thereafter conducted by the sub heater only. 

The temperature control after continuous fixation of large-sized sheets is conducted in the following man- 
ner. 

45 The temperature distribution of the fixing roller after such continuous fixation of the large-sized sheets is, 

as shown in Fig. 34, is higher in the central portion than in the end portions. 

Therefore, in the stand-by stage after the continuous fixation of the large-sized sheets, the temperature 
control is conducted by the sub heater only whereby the temperature at the end portions is promptly raised to 
attain uniform temperature distribution over the f being roller. After such uniform temperature distribution is at- 
50 tained, the temperature control is continued by the sub heater only to maintain the distribution, as the f being 
roller shows larger heat radiation at the end portions. 

As explained in the foregoing, the present embodiment allows to obtain substantially uniform temperature 
distribution over the f being roller promptly after the end of f being operation, independently from the energizing 
conditions for the heaters in the f being operation, thereby preventing the high temperature offsetting and the 
55 th rmal deterioration of the pressure roller and th cleaning m mber. 

In the foil wing explained is still anoth r mbodiment which employs a sub heater, having larg r heat dis- 
tribution in the end portions than in the c ntral portion, of a larger power than that of th main heater having 
larger heat distribution in the central portion than in th nd porti ns. 
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After continuous fixation of large-sized sheets, the temperature distribution of the fixing roll r is high r, 
as shown in Fig. 34, in th central portion than in th nd porti ns. 

If the t mperature control after the continuous f ixati n of th large-sized sh t is conducted sol ly by the 
sub heater as in th foregoing embodiment, t her will result porti nsofa lower temperature between th central 

5 and nd portions as shown in Fig. 35, because the nd portions show rapid temperature ris by the large- 
powered sub heater. If the fixing operation is conducted in such state, there wOl be encountered defective fix- 
ation in the portions of lower temperature. For this reason, the temperature control in this case is conducted 
by the sub heater only for a predetermined period after the continuous fixation, then by the main heater only, 
and again by the sub heater only. 

10 More specifically, after the continuous fixation, the temperature control is conducted by the sub heater 
only for 20 seconds, then by the main heater only for 10 seconds, and thereafter by the sub heater only for 
30 seconds, whereby a substantially uniform temperature distribution can be attained. Fig. 36 shows the on/off 
timings of the main and sub heaters during 30 seconds. It is thus possible to obtain a substantially uniform 
temperature distribution on the fixing roller and to prevent the defective fixation, by effecting the temperature 

15 control alternately with the main and sub heaters for a predetermined period, for example 1 minute, after the 
continuous copying operation. 

Also, with the powers of the heaters and with the temperature distribution on the fixing roller after the 
fixing operation, same as those explained above, there will be encountered the defective fixation because of 
the portions of a lower temperature, if the temperature control is conducted by the sub heater only. 

20 In this embodiment, therefore, the temperature control is conducted by alternately turning on and off the 

main and sub heaters for a predetermined period after the fixing operation. 

More specifically, it is possible to obtain a substantially uniform temperature distribution over the fixing 
roller and to prevent the defective fixation, by adopting 1 : 5 ratio in the energization times of the main and 
sub heaters and effecting such alternate energizations for 1 minute after the fixation. Fig. 37 shows the on/off 

25 timings of the main and sub heaters in the temperature control for 30 seconds. The temperature control is exe- 
cuted by a cycle time of 4 seconds. 

In the following explained is still another embodiment of the present invention, of which configuration is 
same as that shown in Fig. 28, and of which the heat distributions of the heaters are same as those shown in 
Figs. 29 and 30. 

30 The fixing roller 45 is composed of a carbon steel cylinder 47 of a thickness of 0.7 mm and a releasing 
layer 48 of f luorinated resin coated thereon. The fixing roller 45 is provided therein with two halogen heaters 
49, 50 of mutually different heat distributions. 

The pressure roller 46 is composed of a core member 51 , a silicone sponge rubber layer 52 provided there- 
on, and a releasing layer 53 of f luorinated resin, such as PFA, coated thereon. 
35 Though carbon steel has sufficient strength, it is smaller in heat capacity than aluminum of a same amount, 
and is significantly inferior in thermal conductivity to aluminum. For this reason the fixing roller of carbon steel 
is inferior in the fixing ability to that of aluminum, and shows a larger temperature rise in the portions, where 
the recording sheets do not pass, than in the fixing roller made of aluminum. However, carbon steel is advan- 
tageous for reducing the waiting time by forming a thinner roller and for preventing the deformation by the pres- 
to sure of the pressure roller, since the roller made of aluminum cannot provide enough strength for such pur- 
poses. 

In case of fixing small-sized sheets, the main heater alone is energized while the sub heater is turned off. 
In case of fixing large-sized sheets, the two heaters are alternately energized, with a controlled time ratio, 
as will be explained in the following with reference to Figs. 38 to 40. The control device is provided with a mech- 
45 anism for individually turning on and off the main and sub heaters, and, instead of the conventional temperature 
control by the on/off operations of a single heater as shown in Fig. 38, energizes the main heater for T1 seconds 
and the sub heater for T2 seconds alternately as shown in Fig. 39, thereby achieving satisfactory fixation even 
on the sheet of maximum width. It is also possible to satisfactorily fix the sheets of another size, for example 
B4 size, by modifying the time ratio of energizations of the heaters, for example by energizing the main heater 
so for T1-t seconds and the sub heater for T2+t seconds in alternate manner. 

The above-explained fixing device was incorporated and tested in a copying machine of 30 cpm. The tem- 
perature was usually controlled at 190°C but was reduced by 10°C after 60 small-sized sheets of which width 
did not exceed the transversal width of A4 size. The maximum sheet width was the transversal width of A3 
size. For a sheet width exceeding the transversal width of A4 size, the time ratio T1 : T2 of energizations of 
55 th main and sub h aterswassel ct das4:1,in rder to supply, by th sub heater, th defici nth at at the 
nd portions of the main h at r. 

Th on/off timings were selected as shown in Tabl 2, d pending on th sheet siz and th number of 
passed sh ts. 
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Table 2 





Sheet width 


A3R/A4 


B4R 


A4R 


5 


Main : Sub nergization tim 
rati 


A - 1 


A • 1 
O . I 


OUD neater Only 


10 


Controlled temperature 


190°C 


190°C 

-10°C for 60th sheet and 
thereafter 


190°C 

-10°C for 60 th sheet and 
thereafter 

-20°C for 140th sheet and 
thereafter 



The fixing conditions in the preceding copying operation are memorized in a memory of the control circuit 
33 for 1 minute after the termination of the preceding copying operation. 

In the present embodiment, if a next copying operation is started within one minute after the termination 
of the preceding copying operation, the temperature control and the time ratio of energization of two heaters 
are varied as a continuation of the preceding fixing operation. For example, in a state with significant temper- 
ature rise in the end portions after the passing of a large amount of A4 Resized sheets, if B4R-sized sheets are 
passed with the energization of the sub heater, the end portions will require a long time for returning to the 
normal temperature state. For this reason, when the B4R-sized sheets are passed after the passing of a certain 
number of the MR-sized sheets, the fixation is executed by the main heater only for an initial period. Satis- 
factory fixation can be attained solely by the main heater in such initial period because of the higher temper- 
ature at the end portions. 

After the laps of 1 minute for from the termination of the preceding copying operation, the preceding fixing 
conditions are reset from the memory, and the fixing conditions for a new copying operation are selected de- 
pending on the sheet width and the number of sheets in the new copying operation. 

Following Table 3 shows the f being conditions to be selected when a new copying operation is initiated with- 
in 1 minute after the termination of the preceding copying operation. 
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Tabl 3 







A3R/A4 


B4R 


A4R 


5 


A3R/A4 (max. sheet 
width 0- 


190°C 


190°C 


190°C 






4:1 


-10°C for 60th sheet & 


-10°C for 60 th sheet & there- 






thereafter 


after 


10 






8:1 


-20°Cfor 140th sheet & 








thereafter main heater only 




B4R 


190°C 


190°C, cumulative 
sheet number 


190°C, cumulative sheet num- 
ber 


15 


0-60 


4:1 


-10°C for 60th sheet & 
thereafter 


-10°C for 60th sheet & there- 
after 








8:1 


-20°C for 140th sheet* 








thereafter main heater only 


20 


B4R 


190°C 


180°C, cumulative 
sheet number 


190°C, cumulative sheet num- 
ber 




60- 




8:1 


-20°C for 140th sheet & 


25 


4:1 


thereafter main heater only 


A4R 


190°C main heater 
only up to 10th sheet 


190°C, cumulative 
sheet number main hea- 
ter only up to 10th sheet 


190°C, cumulative sheet num- 
ber 


30 


0-60 


4:1 for 11th sheet & 


8:1 for 11th sheet & 


-10°C for 60th sheet & there- 


thereafter 


thereafter 


after 

-20°C for 140th sheet & 
thereafter main heater only 


35 


MR 


190°C main heater 
only up to 1 0th sheet 


180°C, cumulative 
sheet number main hea- 
ter only up to 10th sheet 


180°C, cumulative sheet num- 
ber 




60-140 


4: 1 for 11th sheet & 


8: 1 for 11th sheet & 


-20°C for 140th sheet & 


40 


thereafter 


thereafter 


thereafter main heater only 




MR 


190°C main heater 
only up to 10th sheet 


180°C, cumulative 
sheet number main hea- 
ter only up to 10th sheet 


170°C, cumulative sheet num- 
ber main heater only 


45 


140- 


4:1 for 11th sheet & 


8:1for11thsheet& 






thereafter 


thereafter 





In Table 3, the vertical column indicates the sheet size and the number of passed sheets in the preceding 
copying operation. The horizontal row indicates the sheet size of a new copying operation, initiated within one 
minute after the termination of the preceding copying operation. The "cumulative sheet number" in the table 
indicates that :he number of sheets in the new copying operation has to be added to the number of the sheets 
in the preceding copying operation. 

As an example, let us consider a case of passing 80 A4R-sized sheets and, within one minute thereafter, 
20 B4R-sized sheets. The temperature is controlled to 180°C by the f irst sheet passing. In the second sheet 
passing, th temperatur control is conducted as sh wn in a boxatth crossing of th horizontal row for "MR, 
60-140" and th vertical column for "B4R".Thus the temperature is controlled at 180°C, and th sh tnumb r 
is counted from 81st Consequently th t mperature is controlled by the main heater only up to the 10th B4R- 
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sized sheet For the 11th sheet and thereafter, th t mperature is controlled with the main and sub heaters 
with a time ratio f8: 1. 

Th foregoing two tables ar stored as look-up tables, and are ref rred to for determining th controlled 
temperature in cas a new copying p ration is to be started within ne minute from the terminati n of the 
5 preceding copying perati n. 

Fig. 41 shows the control sequence of the present embodiment, which can prevent the temperature rise 
in the portions of the fixing roller where the recording sheet do not pass, and the defective fixation, under any 
conditions. 

In the following explained is still another embodiment, which is provided with a mechanism for controlling, 
w in addition to the fixing conditions, the sheet passing speed and/or the pre-rotation time prior to the copying 
operation. 

In case the small-sized sheets are to be passed within a predetermined time in a state with significant 
temperature rise in the end portions as a result of passing of a large amount of small-sized sheets, the pre- 
rotation time is extended to sufficiently lower the temperature of said end portions, prior to the next sheet pass- 
is ing. It is also possible to low the temperature of the end portions by reducing the sheet passing speed or by 
extending the interval of sheets in the initial stage only of the next copying operation. 

The condition setting in the present embodiment is shown in Table 4. 



Table 4 



20 




Control 




A4R, 0-60 


None 




A4R, 61 - 140 


Extend pre-rotation by 5 seconds; 


25 




or extend sheet interval by 5 cm; 
or reduce sheet passing speed by 5% 




A4R, 141 - 


Extend pre-rotation by 10 seconds; 


30 




or extend sheet interval by 10 cm; 

or reduce sheet passing speed by 10% 



In Table 4, the "A4R" indicates the sheet size in the preceding copying operation, and the attached number 
indicates the number of sheets passing in said operation. The sheet size in the second copying operation is 
also assumed to be A4R size. The control shown in this table is naturally not conducted after the lapse of a 
predetermined time from the termination of the preceding copying operation. 

In the following explained is still another embodiment, which employs so-called forced energization, for a 
predetermined period from the copying start signal, for example unit the first sheet passes the f being device 
and then returns the fixing temperature to the normal condition, thereby ensuring the fixation for the first sheet 
at the start of f bang operation. 

Fig. 42 shows the control sequence of the present embodiment, and Figs. 43 and 44 show the temperature 
change on the fixing roller. 

The fixing device of the present embodiment was tested on a copying machine of 30 cmp shown in Fig. 
27. The forced energization was conducted to control the temperature at 205°C from the start of copying op- 
eration to the passing of the first sheet through the fixing device, and the temperature control was thereafter 
returned to the normal value of 190°C. 

The fixing device of the conventional control, in a copying operation with a sheet interval of 1 second, 
showed the surface temperature of the f being roller of 205°C, but the safety device was activated as the surface 
temperature temporarily reached 220°C at maximum. 

In this copying machine, the forced energization was dispensed with when a new copying operation was 
started within one minute after the termination of the preceding copying operation. With a sheet interval of 1 
second, the fixing device showed the surface temperature of 190°C, with a maximum temperature of 200°C 
which was acceptable. Also the fixing ability was satisfactory. 

Fig. 45 is a flow chart of the control sequ nee of still another mbodim nt, of which configuration of th 
apparatus is same as that of the foregoing mbodiment and will n t, therefore, be xplained further. 

This embodiment employs two halog n heaters of mutually different h at distributions. Th heat distribu- 
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ti ns and powers of the two hal gen heaters are same as those shown in Figs. 7 and 8. 

Atth nd of a copying operati n,th time measu rem nt is started, but is t rminated unless a new copying 
operati n is started within a minute. A copying Deration started th reafter is conducted in th normal manner. 

If a new copying op ration is started within th one minute, th numb r of sheets passed in the preceding 
5 copying operati nisid ntified, because an un vent mperature distribution has be nd v I pedrfalarg num- 
ber of sheets are passed in the preceding operation. In this embodiment, such uneven temperature distribution 
is considered absent if the number of sheets passed in the preceding copying operation does not exceed 40. 

In such case the conditions in the preceding copying operation are disregarded, and the halogen heaters 
to be employed in the forced energization are determined according to the sheet size to be employed in the 
10 new copying operation. 

More specifically, if the maximum (large) sheet size is to be employed in the new copying operation, the 
forced energization is conducted by the sub heater only, in order to compensate the temperature loss in the 
end portions, resulting from the passing of large-sized sheets. If the sheets to be passed are narrower than 
the maximum sheet size, the forced energization is conducted by the main heater only, in order to suppress 
15 the temperature rise in the end portions. In both cases, after the forced energization, the fixing operation is 
conducted with a suitable energization ratio for the heaters, matching the sheet size. Naturally the forced <: 
energization need not be classified into the large and small sheet sizes but may be conducted for various sheet 
sizes, by suitably modifying the energization ratio of the heaters. Also the number of heaters is not limited to 
two. 

20 If the number of copies in the preceding copying operation exceeds 40, the heaters to be employed in the 

forced energization, until the first sheet enters the fixing device, are determined according to the sheet size 
in said preceding copying operation. 

If the large-sized sheets are used in the preceding operation, the forced energization is conducted by the 
sub heater only, because the temperature in the end portions has become lower, rf the small-sized sheets are 

25 used in the preceding operation, the forced energization is conducted by the main heater only, in order to re- 
duce the temperature in the end portions. Then the heater to be employed in the forced energization from the 
entry of the first sheet into the fixing device to the discharge therefrom is determined according to the sheet 
size employed in the new copying operation. If the large-sized sheets are employed in the new operation, the 
forced energization is conducted by the sub heater only, in order to compensate the temperature loss in the 

30 end portions resulting from the passing of the large-sized sheets. If the small-sized sheets are employed in 
the new operation, the forced energization is conducted by the main heater only, in order to reduce the tem- 
perature rise in the end portions. Also in this case, after the forced energization, the fixing operation is con- 
ducted with a suitable energization ratio of the heaters, matching the sheet size. In the present embodiment, 
the mode of forced energization is switched when the sheet enters the fixing device, but the timing of the 

35 switching may be varied for individual device. It is naturally possible also to continuously vary the energization 
ratio of the heaters. 

This embodiment enables satisfactory fixation, regardless of the sheet sizes and the sheet numbers in 
the preceding and new copying operation. 

Fig. 46 is a flow chart of the control sequence of still another embodiment, which is also adapted for use 
40 in a copying machine capable of varying the energization ratio of the main and sub heaters, as in the first em- 
bodiment 

In this embodiment, when the copy start button is depressed, the forced energization by the main or sub 
heater is determined according to the sheet size to be employed in the copying operation. 

If the large-sized sheets are to be used in the copying operation, the forced energization is conducted with 
45 the sub heater, in order to compensate the temperature loss in the end portions, resulting from heat radiation 
in the end portions. If the small-sized sheets are to be used in the copying operation, the forced energization 
is conducted with the main heater, in order to alleviate the temperature rise in the end portions. Also in this 
case it is naturally possible to classify the sheet size into more than two sizes and to modify the energization 
ratio of the heaters so as to realize optimum temperature distributions respectively matching said sheet sizes. 
so Also the number of the heaters is not limited to two. 

After forced energization, the f being operation is conducted with an optimum energization ratio matching 
the sheet size. 

Also the present embodiment provides satisfactory fixing performance, even from the first copy after a 
prolonged standing time. The force energization can be conducted with improved efficiency, because the hea- 
55 ter is selected according to th sheet size. 

Th foregoing mbodiments hav been explain d by the fixing device mploying the heating roller, but 
the present inv ntion is lik wise applicabl to oth r imag h ating devices of contact type. 

The present inventi n is n t limited by th foregoing mbodiments but is subjected to any modifications 
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within the scope and spirit of the appended claims. 



Claims 

1. An image heating device comprising: 

a heating member including a first heater and a second heater of a heat distribution different from 
that of said first heater, 

a back-up member forming a nip with said heating member; and 

power supply control means for effecting time-shared control of supplying electric power to said 
first and second heaters. 

2. An image heating device according to claim 1 , wherein the heat distribution of said first heater substantially 
corresponds to a recording member of a small size, and the heat distribution of said second heater sub- 
stantially corresponds to a portion where said recording member of small size does not pass. 

3. An image heating device according to claim 1, wherein said first heater has the heat distribution which is 
higher in a central portion than in end portions, and said second heater has the heat distribution which 
is higher in the end portions than in the central portion. 

4. An image heating device according to claim 1 , wherein said power supply control means is adapted to 
control an energization ratio of said first and second heaters according to the size of the recording member. 

5. An image heating device according to claim 1, wherein said power supply control means is adapted to 
vary the energization ratio of said first and second heaters between a state that the recording member 
passes and another state that the recording member does not pass. 

6. An image heating device according to claim 1 , further comprising a temperature detecting member for de- 
tecting the temperature of a portion, where the recording member does not pass, of said heating member, 
wherein said power supply control means is adapted to control the energization ratio of said first and sec- 
ond heaters according to the temperature detected by said temperature detecting member. 

7. An image heating device according to claim 1 , wherein said power supply control means is adapted to 
control the energization ratio of said first and second heaters according to the size and the continuously 
passed number of the recording member. 

8. An image heating device according to claim 1, wherein said power supply control means is adapted to 
control the energization ratio of said first and second heaters after termination of image heating according 
to conditions of said image heating. 

9. An image heating device according to claim 1 , wherein said power supply control means is adapted to 
control the energization ratio of said first and second heaters according to the size of the recording ma- 
terial and the number of image heating operations in a preceding image heating operation. 
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